Zippelia Blume, with the single species Z. begoniaefolia Blume (1830), is a monotypic taxon in Piperaceae. It is distributed in the forests of south and south-west China, Indochina, Malaysia and Java. It is a herbaceous perennial with oil cells, erect stems and alternate, simple, ovate leaves with cordate bases. The leaf has palmate venation with five to seven basal veins and a 2-5 cm copetiole with a basal sheath. Adventitious roots form at the basal nodes. The inflorescences are terminal racemes with about 20 flowers in a sympodial arrangement and each inflorescence is subtended by a single acutely tipped bract that drops Microsporogenesis and embryology of the monotypic Zippelia (Z. begoniaefolia) Blume (Piperaceae) is described for the first time to assess its systematic relationships. The formation of the anther wall is of Basic Type such that the anther wall, consisting of an endothecium with fibrous thickenings, two middle layers, and a glandular septum with 2-nucleate cells, is derived from a primary parietal layer. Simultaneous cytokinesis follows meiosis of the microspore mother cell thence forming a tetrahedral tetrad of microspores. The single basal ovule is orthotropous, crassinucellate and bitegmic but only the inner integument forms the micropyle. The sporogenous cell of the nucellus functions directly as a megaspore mother cell. A coenocyte with four nuclei forms after meiosis of the megaspore mother cell. The formation of the embryo sac is tetrasporic ab initio and is of, or similar to, the Drusa Type of embryo sac in which the nuclei of the coenocyte undergo two successive mitoses and forms a 16-celled or 16-nucleate embryo sac that is ovoid in shape. The embryo sac has an egg apparatus consisting of an egg cell and two synergids (but one of the latter is less discernable). Two polar cells occur just beneath the egg apparatus and 11 antipodal cells or nuclei are arranged along the lower part of the inner wall of the embryo sac. They are linked by threads of cytoplasm. The two polar cells are separated or fused before fertilization. A large primary endosperm nucleus with many nucleoli, which resulted from the fertilized polar cells and with the participation of antipodal cells, divides into a free nuclei stage. The free nuclei are arranged along the lower part of the inner wall of the embryo sac or rarely assemble at the central part. The development of endosperm is thus of the Nuclear Type. The zygote remains undivided and fails to develop even when the seed is nearly mature. Frequently, the zygote and the endosperm abort later and leave an empty chamber in the top part of the seed. Most of the seed content is starchy perisperm. Only the inner integument forms the seed coat and the pericarp develops glochidiate hairs (anchor-like hairs) when the endosperm begins to develop. By comparison with the other piperaceous taxa using embryological and botanical features, Zippelia is referred to as a basal taxon and a more isolated evolutionary line or a blind branch in the Piperaceae.
INTRODUCTION
early. A green, narrow bract subtends each bisexual flower, which is hypogynous, perianthless with a short pedicel. Each flower has six free stamens with basifixed tetrasporangiate anthers and cylindrical filaments. The gynoecium has four stigmas, a single locule, and a single basal ovule. The ovary surface is verrucose (warty) and becomes glochidiate in fruit.
Zippelia begoniaefolia Blume has been placed in either Saururaceae (Blume, 1830; Wu & Wang, 1957;  as Circaeocarpus saururoides C.Y. Mabberley, 1987; Thorne, 1992 ; also as Cicaeocarpus C. Y. Heywood, 1993) or Piperaceae (Engler, 1893; Willis, 1957; Wu & Wang, 1958) . Its generic status has been uncertain in the Piperaceae according to many authors (Callejas, 1986; Mabberley, 1987; Shaw, 1987; Brummit, 1992, etc.) , and it has even been subsumed into the largest genus Piper of the same family by Quisumbing (1930) as Piper begoniaefolium (Blume) Quis. Cladistic analysis using ontogenetic characters treated Zippelia as a basal taxon in the phylogeny of Piperaceae, and a sister group of the other piperaceous taxa (Tucker, Douglas & Liang, 1993; Liang & Tucker, 1995) . It might represent a more solitary lineage in the family according to Lei (1995) . Zippelia is also considered as a phylogenetic link relating Piperaceae to Saururaceae (Lei, 1995; Liang & Tucker, 1995; Liang, Lei & Meng, 1996) , since the transitional nature of Zippelia has been suggested by similarity to Saururus Linn. (Omori, 1982) or to other groups (Lei, Zhang & Yu, 1990 , 1991a in Saururaceae.
Here the embryological characteristics of Zippelia begoniaefolia are described for further discussion of the phylogeny of Piperaceae.
MATERIAL AND METHODS
The material of Zippelia begoniaefolia Blume for embryological study was collected from native populations in Mengla and Hekou, two southern counties of Yunnan Province, and then cultivated in the Kunming Institute of Botany, Chinese Academy of Sciences. The vouchers are deposited in the Herbarium of Kunming Institute of Botany (KUN) .
Flowers of all ages were fixed in FAA (formalin : acetic acid : alcohol = 1 : 1 : 3) fixative, and dehydrated through an alcohol series, embedded in paraffin, sectioned at 8-13.0 mm, stained with Heidenhain's haematoxylin schedule and restained with a saturated solution of Orange-G and Lilac oil. Observations and photographs were made with an Olympus BH-2 microscope.
RESULTS

FORMATION OF ANTHER WALL
The anther has four sporangia and each has a row of archesporia differentiated just beneath the epidermis. The archesporia produce a layer of primary parietal cells to the outside and a layer of sporogenous cells to the inside by a mitotic division (Fig. 1 ). The cells of the primary parietal layer then divide into two secondary parietal layers. Cells of both layers divide into four layers of anther wall (Figs 2, 3) . The cells of all four layers are the same in size at inception (Fig. 3) . Those of outermost layer gradually enlarge and elongate radially when meiosis begins and become an endothelium (Figs 4, 5, 9) . They develop fibrous thickenings during and after the formation of the microspore tetrads (Figs 10, 15) . The cells of the innermost layer become the tapetum, with large nuclei, dense cytoplasm, and form various shapes . They enlarge gradually and elongate longitudinally. The two remaining layers (middle layers) are crushed to form a thin layer, and finally are persistent in some segments when the pollen grains are well-developed . Microspore mother cells (mic) in prophase and an anther wall composed of an endothecium (end), two middle layers (ml) and a tapetum (tap). Fig. 6 . Telophase of the first division of meiosis of the microspore mother cells. Dyads (dyad) begin to form, with an oil cell (oc) in the anther wall. Fig. 7 . Metaphase of the second division of meiosis. Fig. 8 . Telophase of the second division of meiosis and oil cells (oc) in the connective tissue. Fig. 9 . Tetrads (tetd) of microspores and anther wall with cells of the endothecium radially elongated. Fig. 10 . Microspores and anther wall with endothecium (end) (which begins to develop fibrous thickenings) two middle layers (ml), tapetum (tap) and persistent protoderm (epi). Fig. 11 . Microspores with a nucleus at the centre and the tapetum (tap) with two nuclei attached together per cell. Fig. 12 . Microspores each with a nucleus at the centre of the cell and surrounded by many small vacuoles. The cells of tapetum (tap) have two tightly attached nuclei. Fig. 13 . Pollen grains and disintegrating tapetum. Fig. 14 . Each pollen grain has a single large vacuole and the nucleus is pressed to the wall. Tapetum disintegrating. Fig. 15 . Pollen grains before shedding; the endothecium (end) has fully developed fibrous thickenings. The tapetum is completely disintegrated, the middle layers (ml) begin to be crushed, and epidermis is persistent. Scale bars = 65 mm in Figs 1-10 (Fig. 14) . The fibrous thickenings of the endothecium expand to two or three layers, on the dorsal side and at both ends of the anther (Fig. 10) .
MICROSPOROGENESIS AND MICROGAMETOGENESIS
A row of sporogenous cells, produced by the archesporia, gives rise to a mass of microspore mother cells by several mitotic divisions (Figs 1-4) . The microspore mother cells are tightly arranged before meiosis (Fig. 4) , but begin to separate by break-down at middle lamellae when meiosis begins (Fig. 5) . Two dyad nuclei form after the first nuclear division of the meiosis (Fig. 6 ). They immediately undergo a second nuclear division from which the two dyad nuclei divide into four daughter nuclei. Wall development is simultaneous and tetrahedral tetrads of microspores result . Callose is secreted around the microspore mother cells but degrades when the tetrads of microspores begin to separate. Each microspore is spherical with thick walls; its nucleus is at the centre (Fig. 10 ). Many small vacuoles that initially developed in the microspore fuse into a single large vacuole and the nucleus is pressed to the wall (Figs 11-15 ). Some pollen grains are 2-celled when shed.
FORMATION OF OVULE
A dome-shaped ovule primordium arises at the bottom of the ovary far before the enclosure of the ovary (Fig. 16 ). The tissue of the top part of the ovule can be recognized as consisting of three zones, an uppermost protoderm, a hypodermis and a central zone (Figs 16, 17) . They are very similar to the tunica-corpus structure of the stem tip. The cells of the protoderm and the hypodermis mainly divide by anticlinal divisions, and two parallel layers result. The cells of the central zone divide in various directions and enhance the size of the ovule. Several hypodermal cells at the top of the ovule are large and only one differentiates into an archesporium (Fig. 17) . Some hypodermal cells around the base of the ovule primordium divide and produce a mass of cells that form the primordium of the inner integument (Figs 19-22) . The inner integument is three layers at first (Figs 19, 20, (22) (23) (24) , and subsequently becomes 4-5 layers in the lower part and 7-8 layers at the upper part when the micropyle forms (Figs 25, (27) (28) (29) . The outer integument primordium initiates later at the outer base of the inner integument. It grows and reaches one third of the length of the inner integument and becomes vestigial (Figs 25, 27, 28, 30) . In a few cases it is absent.
The micropyle is thus formed by the inner integument only , and connects directly with the stylar canal, which is formed during the closure of the ovary. The inner epidermal cells of the inner integument elongate transversely and have larger nuclei and dense cytoplasm (see Fig. 72 ).
DEVELOPMENT OF NUCELLUS
The archesporium is much larger than the other cells around it ( other cells surrounding it. Ultimately, it is up to 48.6 mm in diameter and has a large nucleus and dense cytoplasm (Fig. 31 ). The spindle of the first nuclear division of meiosis of the megaspore mother cell is parallel with the long axis of the embryo sac (Fig. 32 ). Then two dyad nuclei are formed (Fig. 33 ). The two spindles of the second division are perpendicular to each other (Fig. 35 ). The two dyad nuclei are sometimes separated by a vacuole (Fig. 34 ). Later on, cytokinesis does not follow meiosis, and instead of a linear tetrad of megaspores, a large, ovoid coenocyte with four nuclei forms ( 
DEVELOPMENT OF ENDOSPERM
The polar cells may be fused but the nuclei are not fused ab initio (Fig. 50) after fertilization, which is porogamous. The pollen tubes pass through the stylar canal and the micropyle and approach the egg cell. The fertilized and fused polar cells form a large primary endosperm nucleus, probably with the participation of the antipodal cells or nuclei . The large primary endosperm nucleus has many nucleoli and is surrounded with dense cytoplasm (Figs 54-56 ). It then divides transversely into two (Figs 57-59) and then four nuclei (Figs 60, 61) . The continuous divisions of the nuclei lead to a free nucleate stage. The free nuclei are arranged along the lower wall and the bottom of the embryo sac. Each nucleus has more than three nucleoli and all of them are surrounded or linked by dense cytoplasm. The latest-formed nuclei have only one nucleolus (Figs 62-64 ). The endosperm nuclei will diminish and gradually disintegrate in most cases, and the embryo sac will become an empty chamber.
Sometimes the free endosperm nuclei are connected by dense cytoplasm. They have many more nucleoli than the nuclei in the case mentioned above, but they are very large and vary in shape . Some are long and some sinuous (Fig. 68) . The zygote remains undivided during and after the development of the endosperm, and even diminishes or degenerates eventually (Figs 70, 71) .
EMBRYOGENESIS
After fertilization, the zygote enlarges gradually but does not start dividing. The size of the zygote ranges from 15 mm to 34 mm in diameter. Its nucleus is very large and its cytoplasm is very dense (Figs 54-60 ). The zygote remains undivided even when the fruit grows to 3-5 mm in diameter (the fully grown fruits are 6-8 mm in diameter). In some cases, the zygote finally degenerates . We found only one case where a young embryo, which was triangular in longitudinal section, was formed, but the endosperm had disintegrated (see Figs 70, 71) . Fig. 31 . The megaspore mother cell in prophase of meiosis. Fig. 32 . The spindle of metaphase of the first division of meiosis. Fig. 33 . Anaphase of the first division of meiosis. Fig. 34 . Dyad nuclei separated by a central vacuole. Fig. 35 . Metaphase of the second division of meiosis. Fig. 36 . A 4-nucleate coenocyte with a tetrahedral arrangement. Figs 37-39. The coenocyte, the four nuclei separated and attached to the wall of the coenocyte, or 4-nucleated embryo sac. pollination. Of the c. 20 flowers on an inflorescence, less than 15 flowers develop young fruits of 3 mm in diameter and 4-5 mm in length together with the remainder of the styles after the stamens drop off. The larger they grow, the fewer the number of the fruits remain on the frutescence, but fewer than five can become mature fruits of 6-8 mm in diameter. We have found a case where two mature green fruits remained until the second year. In most cases, all flowers on an inflorescence abort eventually.
The zygotes remain undivided in most ovules or seeds of various sizes, and in the probably-mature seeds in the fully grown fruits available for sectioning and observation (Figs 62-65) . The vestige of the outer integument and parts of the tissue of the chalaza form a hypostase beneath the ovule when the ovule enlarges (Fig. 30) . The middle layer of the inner integument is crushed into a thin layer or some twolayered segments. The outer epidermis of the inner integument at the micropylar end is crushed and the rest of it has tangentially-elongate cells. The inner epidermis of the inner integument has dark brown tannin-like deposits (Figs 63, 70, (73) (74) (75) (76) 82) . Its cells are radially elongate, and in or near the micropylar region produce finger-like protrusions meeting with similar protrusions from the epidermis of the nucellus. The nuclei of these cells have disintegrated (Figs 73, 74) . The cytoplasm and the nuclei of the radially-elongated epidermal cells of the nucellus are located at the outer end and a vacuole occupies the inner end of each cell (Figs 73-76) .
Mature seeds are filled with starchy perisperm. The seed coat is formed only by tegmen or, more precisely, the inner epidermis of the inner integument, and is finally lignified (Figs 72-76) .
On the outer surface of the ovary are present many small pear-shaped hairs formed by three cells (Fig.  77) . These hairs will develop into the anchor-like hairs in which some distal cells become oil cells (Figs 78-81 ). In the base of each anchor-like hair a group of oil cells is developed when the fruit is nearly mature (Fig. 82) . The glochidiate pericarp is very thin in most parts but thick at the base of anchor-like hairs and does not stratify, but tightly clings to the seed coat. It is indehiscent.
DISCUSSION SUMMARY OF THE EMBRYOLOGICAL FEATURES
The anther of each stamen in the flower of Zippelia begoniaefolia Blume is tetrasporangiate. Its epidermis is persistent. The anther wall formed beneath the epidermis consists of an endothecium that will develop fibrous thickenings, two middle layers, and a glandular tapetum with 2-nucleate cells. These layers are derived from a primary parietal layer resulting from divisions of a row of archesporial cells. The anther wall formation is thus the Basic Type (Poddubnaya-Arnoldi 1976). The multicellular archesporium is of hypodermal origin (Maheshwari, 1950) . Simultaneous cytokinesis follows the meiosis of the microspore mother cells. The microspore tetrads are tetrahedral. Some pollen grains are 2-celled when shed but the degeneration of pollen grains is very frequent.
The single basal ovule is orthotropous, bitegmic, and crassinucellate. The development of the ovule conforms to the tunica-corpus arrangement at the stem tip (Bouman 1984) . Only the inner integument forms the micropyle. The outer integument is less developed and seldom reaches a third of the height of the inner integument. Both inner and outer integuments are 3-cell-layered at the inception and in the earlier development, but the inner integument becomes 6-8 layers at the micropylar part. The archesporium of the nucellus is 1-celled. The archesporium cuts off a primary parietal cell that will divide and form 5-9 parietal layers and a single sporogenous cell that will directly becomes a megaspore mother cell. Instead of a megaspore tetrad, a coenocyte with four tetrahedrally-arranged nuclei is formed, because cytokinesis does not follow meiosis of the megaspore mother cell. Therefore, the embryo sac is tetrasporic at its inception. The formation of the embryo sac is of, or similar to, the 16-celled Drusa Type (Willemse & van Went 1984; Haig 1990) . The synergids are poorly differentiated. The two polar cells beneath the egg apparatus are not specialized, and they are linked with the 11 antipodal cells by dense cytoplasm. The mature embryo sac is ovoid. More or less abnormal cases occur at all stages of the formation of the embryo sac.
The fertilization is porogamous in that the pollen tubes pass through the stylar canal and the micropyle. The zygote remains undivided even when the fruit is fully mature. The endosperm formation is of the Nuclear Type from its inception (Vijayaraghavan & Prabhakar, 1984) . A large primary endosperm nucleus with many nucleoli is formed by the fusion of the fertilized polar cells or nuclei along with the 11 antipodal cells. The products of the primary endosperm nucleus are free nuclei which become arranged along the lower periphery of the embryo sac, all of them with 2-3 nucleoli. Later on, the free endosperm nuclei have one nucleolus and become smaller. Sometimes, the endosperm nuclei are assembled together at the central part of the embryo sac but, in this case, the nuclei are usually large. They have many nucleoli and various shapes: some are long and some are sinuous. The zygote and the endosperm degenerate and leave an empty chamber at the top of the seed in some cases. The process of development of the embryo still remains unknown because the zygote remains undivided even in the mature seed. The development of the embryo might ensue when the fruits and seeds drop to soil or before the germination of the seeds.
The fully grown seed is moderate in size (5-7 mm in diameter in the fruit of 6-8 mm in diameter), spherical with a smooth surface. The seed coat structure is tegmic, or rather, endotegmic (Corner, 1976; Boesewinkel & Bouman, 1984) . The innermost layer of the tegmen (or the inner integument) is persistent as a firm layer of thick-walled cells filling with tannin-like substance. The outer layers of the inner integument are collapsed. The glochidiate pericarp does not stratify and multiply but tightly clings to the seed coat.
The rate of fruit and seed setting is very low, and almost no seedlings are found in the habitats investigated (Lei, 1995) . Since the embryos are undeveloped, the seeds seldom germinate.
COMPARISON OF EMBRYOLOGICAL AND FLORAL
DEVELOPMENTAL FEATURES IN PIPERACEAE Contributions were made in the embryology of Peperomia by Campbell (1899a Campbell ( ,b, 1901 , Brown (1908 ), Johnson (1902 , 1914 ), Fisher (1914 ), Fagerlind (1939 ), Plyushch (1982a , Gvaladze (1983) , Bannikova & Plyushch (1984) , Bhandari (1984) , Smirnov & Grakhantseva (1988) ; of Piper by Johnson (1902 Johnson ( , 1910 , Maheshwari & Gangulee (1942 ), Swamy (1944 , Yoshida (1960) , Kanta (1961 Kanta ( , 1962 Balfour (1957) . Comprehensive compilations of the embryological features of Piperaceae and Piperales were made by Davis (1966) and Nikiticheva (1981) . Contributions to floral anatomy and floral development of these genera were made by Johnson (1905 ), Sastrapradja (1968 , Liang & Tucker (1995) , Lei & Liang (1998a , 1999 , Murty (1959a,b) , Omori (1982) , Tucker (1980 Tucker ( , 1982a . Most of those features are compared in the Appendix.
Zippelia shares no common features of floral organ initiations with the other taxa in Piperaceae (Liang & Tucker, 1995) , but shares almost all features of anther wall development and microsporogenesis with the other taxa in Piperaceae, as well as the taxa in Saururaceae (Murty, 1959a,b; Omori, 1982) and in other primitive families, especially the 'paleoherbs'. Fibrous endothecium, two layered middle layer, glandular tapetum, simultaneous microsporogenesis, tetrahedral tetrad of microspores are shared common characters. Unilocular and compound ovary, basal ovule, tetrasporic embryo sac initiation are features shared only by Zippelia with all other taxa in Piperaceae.
The shapes of megaspore mother cells may be an important cause that results in different types of embryo sac formations. The megaspore mother cell of Zippelia is ovoid and after the meiosis the four daughter nuclei are tetrahedrally arranged in an ovoid coenocyte. When the three nuclei move to the chalazal end, there is enough space for them to divide freely without fusion of the mitotic spindles. The megaspore mother cell of Peperomia is globose and its four daughter nuclei become arranged into a cross in the coenocyte formed after meiosis. There is also no confinement of space for the mitoses of the four nuclei and no fusion of the mitotic spindles. The megaspore mother cells of Piper, Lepianthes (or treated as section in Piper by Tebbs, 1993a) and Macropiper are cylindrical ellipsoids (Swamy, 1945; Balfour, 1957; Lei, 1995) . Their four daughter nuclei are linearly arranged in the cylindrically ellipsoid coenocytes formed after the reduction divisions, and three nuclei move to the chalazal end. Fusion of the mitotic spindles of the three chalazal nuclei takes place in the narrow space and then gives rise to two triploid nuclei instead of six haploid nuclei. The shapes of the embryo sacs are the same as the megaspore mother cells and the coenocytes, respectively.
Zippelia also shares with other piperaceous taxa (for example, Piper nigrum L. Kanta, 1962) similar seed structure which includes abundant starchy perisperm, undeveloped embryo, or most often the empty chamber derived from the embryo sac, and the seed coat, and similar structure of the unmultiplied and unstratified pericarp with the exception of the anchor-like hairs which are unique to Zippelia. 
᭣
The formations of anther walls of both Piper and Peperomia are called Monocotyledonous Type by Davis (1966) , but those of Piper bavinum C. DC., Piper polyphorum C. DC., Piper pubicatulum C. DC., and Peperomia reflexa A. Dietr. called Basic Type (Lei, 1995) . Unequal development of integuments occurs frequently in Piperaceae (Lei, 1995) .
SYSTEMATIC IMPLICATIONS
At least three types of embryo sac formation are found in Piperaceae, e.g. the Fritillaria Type in Piper, the Peperomia Type in Peperomia and the Drusa Type in Zippelia. The formation of the embryo sac in the four genera of Saururaceae, a family which is closely related to and more primitive than Piperaceae (Meeuse, 1974; Tucker et al., 1993; Liang & Tucker, 1995) , is monosporic and of the Polygonum Type. Thus it seems that the monosporic embryo sac is more primitive than the tetrasporic embryo sac. But as some authors believed, at least in the Piperales, the tetrasporic embryo sacs might be more primitive than the monosporic ones (Meeuse, 1974; Burger, 1977; Gvaladze & Akhalkasti, 1980) . Characters such as vessel elements with simple perforation plates (Zhang & Lei, 1991) , unilocular and compound ovary, basal ovule, tetrasporic embryo sac initiation, etc., support Zippelia as a member of the family Piperaceae.
Zippelia has a basic chromosome number of x = 19 (Okada 1986), features of floral development different from the other piperaceous taxa (Liang & Tucker, 1995) , porous or sponginose pollen surface (Lei & Liang, 1998b) , and unique glochidiate fruits. These features keep Zippelia as a separate genus (Tebbs, 1993b; Lei, 1995; Liang & Tucker, 1995; Lei & Liang, 1998b) . The tetrasporic formation of embryo sac is also evidence for Zippelia belonging in Piperaceae. These characters, as well as the Drusa Type of embryo sac, even suggest that Zippelia represents a more solitary evolutionary line in Piperaceae. Zippelia begoniaefolia is a relict and now an endangered species due to the destruction of the rain forests, and possibly lack of production of viable seeds as outlined here.
Peperomia possesses some unique characters, such as basic chromosome number of x = 11, bisporangiate and monothecal anthers, inaperturate pollen grain with verrucate surface that the verrucae are surrounded by granules and small chips, gynoecium with single carpel, unitegmic ovule, and the Peperomia type of embryo sac formation. It represents another solitary evolutionary lineage in Piperaceae. Piper, Lepianthes and Macropiper share characters, such as the bitegmic ovule, the Fritillaria type of embryo sac formation, as well as the basic chromosome number of x = 13. They (and Sarcorhachis) represent the main evolutionary line in Piperaceae. Variation of floral organ initiation in Piper indicate that the genus is not a monophyletic taxon, but further studies are necessary (Liang & Tucker, 1995; Lei & Liang, 1998b) .
Taxonomically, Piperaceae is subdivided into two subfamilies, Piperoideae and Peperomioideae, and the latter is sometimes upgraded to a family, Peperomiaceae (Wettstein, 1935; Heywood, 1978 Heywood, , 1993 . We suggest that Zippelia should be treated as a subfamily, but we do not think that it is necessary to erect Peperomiaceae. -None. Textual mark under matter to remain through matter to be deleted through matter to be deleted through letter or through word under matter to be changed under matter to be changed under matter to be changed under matter to be changed under matter to be changed Encircle matter to be changed (As above) through character or where required (As above) (As above) (As above) (As above) (As above) 
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